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(54) Prodrugs for beta -lactamase and uses thereof 

(57) The instant invention relates to a novel method 
for the delivery of antitumor drugs to tumor cells by the 
administration of a tumor-selective antibody- p-tacta- 
mase conjugate that binds to tumor cells, and the addi- 
tional administration of a cephalosporin prodrug that is 
converted at the tumor site, in the presence ofjhe arrti- 
body-p-lactamase, to an active cytotoxic drug. Accord- 
ing to the preferred embodiment of this invention, a 
cephalosporin mustard has been constructed which 
when cleaved by p -lactamase yields a cytotoxic nitrogen 
mustard. The methods, antibody-enzyme conjugate, 
prodrugs, pharmaceutical compositions, and combina- 
tions of this invention provide for enhanced selective kill- 
ing of tumor cells and are thus useful in the treatment of 
cancers and other tumors. 
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Description 

Technical field 

5 The instant invention relates generally to novel prodrugs and a method for delivering these prodrugs to a tumor cell 

site where they are converted to active cytotoxic agents. More particularly, the invention relates to cephalosporin prod- 
rugs, which when administered with a tumor-specif ic-antibody-p -lactamase conjugate, are converted at the tumor site 
to active cytotoxic drugs. 

w Background 

Targeted drug delivery systems provide a mechanism for delivering cytotoxic agents directly to cancerous cells. 
The selective delivery of cytotoxic agents to tumor cells is desirable because systemic administration of these agents 
often kills normal cells within the body as well as the tumor cells sought to be eliminated. Antitumor drug delivery sys- 

15 terns currently in use typically utilize a cytotoxic agent conjugated to a tumor -specific antbody to form an immunocon- 
jugate This immunoconjugate binds to tumor cells and thereby "delivers" the cytotoxic agent to the site of the tumor. 
The immunoconju gates utilized in these targeting systems include antibody -drug conjugates (see. e.g.. Baldwin et al.. 
Lancet, pp. 603-605. March 15. 1986) and antibody-toxin conjugates (see. e.g.. Thorpe, in Monoclonal Antibodies '84: 
. Biological and Clinical Applications. A. Oinchera elaL, eds_^xi 4 75-506. .1985^ 

20 Both polyclonal antibodies and monoclonal antibodies have been utiized in these immunoconjugates (see. e.g.. 

Ohkawa et al.. Cancer Immunol. Immunother. 23: 81. 1986; Rowland et al.. Cancer Immunol. Irnmunother.. 21: 183. 
1986). Drugs used in these immunoconjugates include daunomycin (see, e.g.. Gallego et ai.. Int. J. Cancer 33: 737. 
1984; ArnonetaJ., Immunological Rev.. 62: 5, 1982; mexotrexate (Endo etal.. Cancer Research. 47: 1076. 1987), mito- 
mycin C (Ohkawa et al., supra) , and vindesine (Rowland et al., supra) . Toxins used in the antibody-toxin conjugates 

26 include bacterial toxins such as ricin (see e.g., Mootten et al.. Immunol. Rev. . 62: 47, 1982). 

Despite the amount of research directed towards the use of immunoconjugates for therapeutic purposes, several 
limitations involved in these delivery approaches have become apparent (see. e.g.. Embleton. Biochem. Society Trans- 
actions. 14: 393, 615th Meeting. Belfast, 1986). For example, the large amount of drug required to be delivered to the 
target tumor cell to effect killing of the cell is often unattainable because of limitations imposed by the number of tumor- 

30 associated antigens on the surface of the cells and the number of drug molecules that can be attached to any given 
antibody molecule. This limitation has led to the use of more potent cytotoxic agents such as plant toxins in these con- 
jugates and to the development of polymer -bound antibody-drug conjugates having very high drug multiplicity ratios 
(see, e.g., Thorpe, supra, pp. 475-506, and Baldwin etal.. in Monoclonal Antibodies and Cancer Therapy, pp. 215-231. 
Alan R. Liss, Inc. . 1985) However, even with the large drug loading ratios or with the use of potent toxins, many immu- 

35 noconju gates still display suboptimal cytotoxic activity and are unable to effect complete killing at doses where ail avail- 
able antigenic sites are saturated. 

It has also been recognized that the cytotoxic activity of an immunoconjugate is often dependent an its uptake, 
mediated by the antibody component of the conjugate into the tumor cell (see, e.g.. J.M. Lambert et al.. J. Biol. Chem.. 
260: 12035, 1985). This internalization is crucial when using an antixxiy-drug.conjugate in which the drug has an intra- 

40 cellular site of action or when using antibody-toxin conjugates. However, the vast majority of tumor-associated antigens 
and thus the antibody-drug or antibody-toxin conjugates bound to those antigens, are not internalized. Those conju- 
gates that are internalized are often transported to the lysosome of the cell where the drug or toxin is degraded (see 
Vitetta et al., Science. 238: 1098. 1987). Accordingly, although an antibody-drug or antibody toxin conjugate may have 
excellent tumor-binding characteristics, the conjugate may nonetheless have a limited cytotoxic utility due to an inability 

45 to reach its site of action within the cell. 

In addition, it is well established that tumor cell populations are often heterogeneous with respect to antigen expres- 
sion (see. e.g., Atoino et al.. J. Exp. Med.. 154: 1764, 1981). Furthermore, it has been demonstrated that antigen-pos- 
itive tumor cells may give rise to antigen-negative progeny (see, e.g., Yen et al., J. Immunol. 126: 1312, 1981). Thus, in 
any population of tumor cells, there will be a certain number of cells that do not possess the antigen for which a parti c- 

50 ular immunoconjugate is specific. The immunoconjugate will therefore not be able to bind to these cells and mediate 
their Wiling. 

Due to these drawbacks, the currently utilized antitumor drug or toxin delivery systems have had a limited amount 
of success, especially when used for in vivo treatment. 

In addition to the irnmunoconj ugates discussed above, antibody-enzyme conjugates have been studied in vitro in 
55 combination with a second untargeted enzyme for the conversion of iodide or arsphertamine to their toxic forms in order 
to amplify antibody-mediated cytotoxicity (see, e.g., parker et al.. Proc. Natl. Acad. Set. USA. 72: 338, 1975; Phiipott et 
al.. Cancer Research. 34: 2159, 1974). 

According to these in vitro studies, the enzyfoe. glucose oxidase, is attached to an antibody and used in combina- 
tion with an untargeted peroxidase enzyme to cprrvert iodide or arsphenamine to cytotoxic iodine or arsenical, respec- 
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, therefore, requires not only the targeting of glucose oxidase to tumor cells with antibody, but also 
mTpresenc3 at tna tumor site of two other urrtargeted events. The likelihood that all three ot these agents will be 
present in vivo at the tumor site at the same time is small. 

ammonium tons from substrates. The ammonium ions are then said to potentate the cytotoxic action of certain immu- 

n0to EuroD^ t Stenr^^iSNo. 843022 1 8.7 discloses a method tor treaty a diseased cell population such as a 
tumor wherein an antibody is used to target a non-metabolizable antigen to tumor cells. The antigen accu^ateswtthin 
a ™asTa peceltage ot the tumor eels, which are then .ysed to release the antigen into a ubqurtousttxonec^cap- 
turina matrix formal at the tumor site. An iodine-containing ligand which is specific tor and will tond to toe Jjnt.gen 
amLTZ S administered. The cytotoxic iodine acts to kil. the tumor cells at that site. AJso suggestedjs toe 
use S a^^dy-conjugate to target enzyme to a tumor site and the addition of a non^etha. subtle whehthe 
enzyme^, convert to a cytotoxic material (see European Application hto 84302218.7. pp 34-35). Hcwever^r^ere 
I ^TapScXi is there any disCosure of how one is perform this embodiment Simitar.y. HeHstrom et al. . .n Cartel 
n^ nSvTv Sd ed ). RobTnson and Lee (eds ) p. 639. 1987. suggest that "drugs which would be nontoxK unto, acti- 
vated bv an aaent (e g.. an enzyme) localized to a tumor may be another approach. .. 

US P^Tno 4 975 278 hereby incorporated by reference in its entirety, provides a method for delrwnng cyto- 
toxic aoents to tumor cells by the combined use of antibody-enzyme conjugates and prodrugs. According to this ■oven- 
s' ~ that is^iabieet -converting a poorly or non<ytotoxic prodrug into an acbve qrtotoxc drug-^- 
Suwte^a tumor-^ecific antibody. Trts ambody-eruyme conjugate is administered to a tumor^eanng mamma- 
Sn hSTnd btndi dueto the antibody specificity, to the surface of those tumor cells which possess the tumor antigen 
^wS the anSdy is specif c. The prodrug is then administered to the host and is converted at the tumor s,te by the 
nrtinn of the antibody-bound enzyme into a more active cytotoxic drug. 

Nto^Jn mSterus have long been recognized as cytotoxic agents (See. e.g.. Stock, in Drug Design. EJ.. Anens^ 
ed ^7S. Academic Press. New Yon, 1971.) Bonn. eta... J Qhgm. SOC- 2365 (1961) prepared a vanety 
o7am£es including urethanes and ureas, from N.N^i-2 -chloroethyl-paraphenylenediamine that are useM for reac- 
tio^vaSus^ctiona. groups that are of potential value tor toe attachment ot nitrogen mustards to a w^e vanety 
ofX unT^e attachment oTtne eteclron-attracting urethane group deactivate, ; the NgNy to«c ^ogen mustard 
Heart vation of the nitrogen mustard at the tumor site may occur if the urethane ,s decomposed by hswon of the ester 

° f "MoSs'hiv^ al r .i Am Chem. Soc . 108:1685. 1986) teaches the use of p-lactamases resident in bacteria resist- 
ant to toe p^am antibiotics, to hydrCyze cepha.osporin-toxophore derivatives to effect the re.ease of the toxophore 

^^Mobtsh?^ al GLEifiLChfim • 261 : 7879. 1 986) synthesized an antibacterial agent consisting of the antibiotic 
peptWeT^ TpCI^S^ough a C 10 ester to toe cephem nucleus of cephalo^n The hydrcjytic deavage 
oTtoe Itectam ring by p-lactamase resident in the bacterium releases the heteroatom-fcnked C10 substituent 
° A g^ eTd^ion of the chemistry of the cephalosporins is provided by Abraham ^SZS?S'SS^ 
SficifitT 21 231 • 1 96 7 - and Abraham et al.. in r.p phatosnorins and PenkaHins: OhftnufffiY and BtOtogy, E.H. Plyrw. ea. 

^^ZlrtZ^MW^ derivatives of cephatosporanic acid formed by the reaction of a deacytaled 

f-Anhalofioorin saK with isocyanates to form carbamates. 

uTr^rrTfTs.sS^Teaches the O^esacetyi-O^moyl^-acylamino^ephetospc.a^c acri denv^of 
7-amtoo^ScZ»ranic acid, where toe 7-N-acyl group is a ca.boxy.ic acid radical and the CO grcxp * bonded to a 
carbon atom. 

C losure , gf the invention 

-me present invention is based on the discovery of novel cephalosporin-related prodrugs, capable of co^erstanto 
ant*^ the tumor site using a H actamase-antibody conjugate. The antibody * directed against a tumor 

antigen present on the surface of the specfic tumor type targeted. 
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The present invention provides cephalosporin prodrugs of the general formula (I) 



c 




0 2 H 



( I ) 



wherein Q is hydrogen, an amine protecting group conventionally used in cephalosporin synthesis, or the acyl group of 
a known 7-acyl ami n ©cephalosporin antibiotic; L is a direct bond or -S-(CH 2 ) n -; R is an agent capable of exerting a cyto- 
toxic effect on tumor cells when released from said cephalosporin-prodrug; n is 2, 3, or_4; and m is 0 or 1 with the pro-__ 
viso that when L is a direct bond, m is 1 ; or a pharmaceutical^ acceptable salt thereof. 

For the purpose of the present invention, the nature of the substituerrt Q is not critical as the cephalosporin moiety 
serves as a carrier of the cytotoxic drug and does not contribute to the therapeutic effect of the cytotoxic drug. Thus, Q 
may be, for example, hydrogen, a protecting group commonly used in cephalosporin chemistry, or a substituerrt of 
known cephalosporin antibiotics. Examples of the latter include, but are not limited to, phenylacetyl, 2-thienylacetyl, a- 
hydroxyphenylacetyl. phenylglycyl, p-hydroxyphenylglycyl, and (2-amino-4-thiazoly0-(methoxyimino)acetyl. 

The cytotoxic compound is one having at least one functional group amenable to chemical modification to provide 
the cephalosporin prodrug. Generally, such functional groups are selected from amino, carboxyl, and hydroxy! groups 
such that the linkage between the cytotoxic agent and the cephalosporin component is of the carbamate, amide, ester, 
and carbonate types. 

In one aspect, the present invention provides as one subclass of compounds of formula (I) cephalosporin prodrugs 
of the general formula (II) in which the cytotoxic agent is linked to the cephalosporin nucleus via carbamate or amide 
group 




(II) 



wherein Q t L, and m are as defined under formula (I); and NR a is a nitrogen containing cytotoxic drug; or a pharmaceu 
tically acceptable salt thereof. 
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In another aspect the present invention provides a cephak>sporin-mrlcrnycin prodrug having Va (lla) 




IK*) 



herein Q is as defined above under formula (I) and Ft* is hydrogen or C,. 3 alkyl. 

Another embodiment of the subject invention is directed to a method tor delivering a cytotoxic agent to tumor cells 
by administering a pharmaceutics II y effective amount of at least one a nttoody-p -lactamase conjugate composing an 
antibody reactive with an antigen on the surface of the tumor cells. A pharmaceutical^ effective amount of a cepha- 
losporin prodrug is also administered, where the cephalosporin prodrug comprises cephalosponn Unked to the cyt otoxic 



In an alternative embodiment, the present invention is directed to a method of delivering a cytotoxic agent to tumor 
cells wherein the antigen binding region of an antibody reactive with a tumor-associated antigen is linked to at least a 
functionally active part of p-tectamase. and is administered with a pharmaceutical^ effective amount of a cephalosporin 

Pr0d |n J ^nother embodiment, the subject invention is directed to a method of treating mammalian tumors which includes 
the step of administering to a mammal a pharmaceutical ly effective amount of at least one antibody -p -lactamase con- 
iuoate and a pharmaceutical effective amount of at least one cephalosporin prodrug. 

These and other embodiments of the present invention will readily occur to those of ordinary skill in the art in view 
of the disclosure herein. 

30 Brief Descri ption of the Figures 

Figure 1 depicts novel prodrug structures according to the instant invention. Q is phenylacetyl or thieny I acetyl; n is 

1 " Figure 2 depicts a representative cephalosporin mustard prodrug (CM) and the conversion of this prodrug to the 
35 active cytotoxic agent, phenyl enediamine mustard (PDM). . ^ coc 

Figure 3 shows kinetics of hydrolysis of CM catalyzed by crude samples of £L GQli and fi. cerfiys f^cte ™» 65 
Figure 4 depicts the cytotoxicity of CM and PDM. administered alone, as compared to CM aominBtered ^wrth unpu- 

rified E- coli p-lactamases. In 4(A). B ceiejfi p-lactamase is used whereas the experiment depicted n 4(B) utilizes t- 

« ^ r^SsSows the cytotoxicity of CM and PDM. administered alone, as compared to CM administered with purified 
B. cere us 8 -lactamase. . . 

Figure 6 shows the results of an in vitro cytotoxicity assay using an U-p-lactamase conjugate delivered with CM. 
Figure 7 depicts the release ot adriamycin when ADR-ceph was treated with P, cereus ^lactamase human 

PlaS ?Si!re 8 shows the release of adnamycin when ADR-ceph was treated with L6-lactamase (from p. ggreug) conju- 
gate in human plasma at 37°C. 

Figure 9 shows the comparative stability of ADR-ceph at selected media at 37°C. 



Dotal lad Description 

Trie practice of the present invention will employ, unless otherwise indicated, conventional techniques of synthetic 
organic chemistry, protein chemistry, molecular biology, microbiology, and recombinant DNA technology, which are 
within the skill of the art Such techniques are explained fully ki the literature. See. e.g.. Scopes, R.K.. Prgtwn rurf»ca- 
fiOflfrjn gdgtjffld Practices. 2d ed (Springer-Verlag. 1987). MPthods in Enzymology (S ^olo^ckand N^*. 
Academic pVess. Ir^rSambrook et at. Mnlacutar Cloning A I atxxatpry Manual. 2d ed . Cold Spring 
Cold Spring Harbor. NY. 1989. HanHhnok of Experimental Immunology. Vols. I-IV (DM. Weir and C.C. BlacWteds. 
1986. Blackwell Scientific Publications): House. Mnrigrn Synthetic Reactions. 2nd ed.. Beqamn /Cumm«igs. Memo 
Park Cel.. 1972. ^ 
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Al patents, patent applications, and publications mentioned herein, wt 2 < r or intra, are hereby incorporated 
by reference in their entirety. 

A- Dl_t_. 

5 

In defining the present invention, the following terms will be employed, and are intended to be defined as indicated 
below. 

The term "prodrug" as used in this application refers to a precursor or derivative form of a pharmaceutical^ active 
substance that is less cytotoxic to cells compared to the parent drug and is capable of being enzymatically activated or 
10 converted into the more active parent form. See, e g, Wilman, Biochem. S ociety Transactions. 14:375 (615th Meeting, 
Belfast, 1986); Stella et al.. Directed Drug Delivery. R. Borchardt et al., ed., 247-267 (Humana Press, 1985). The terms 
"parent drug" and "cytotoxic agent" are used interchangeably herein. 

The term "cephalosporin prodrug" as used herein refers to a prodrug generated by the linkage of a parent com- 
pound as described above to a cephalosporin as defined below. 
15 The term "p-lactamase" as used herein refers to any enzyme capable of hydrolyzing the CO - N bond of a p-lactam 

ring. The p-lactamases are reviewed in Bush, Antimicrobial. Agents Chemother. . 33:259. 1989. 

The term "nitrogen mustard" as used herein refers to a compound of the general structure RN(CH 2 CH 2 CI)2. where 
R may bean alkyl. aryl, or aralkyl group substituted with a functional group amenable to further chemical modification, 
for example, an^rnino ctf^xarboxyi -group. Nitrogen mustards having more than one nitrogen atom are also included. 
20 such that both chloroethyl groups need not be attached to the same nitrogen atom. In some nitrogen mustards, the chlo- 
rine atoms may be replaced with other halogen atoms, especially bromine. See. e.g., Stock in Drug Design. E. J., 
Ariens, ed.. Vol. II. pp. 532-571 , Academic Press. New York. 1971. 

The term "cephalosporin" as used herein refers to derivatives of 7-aminocephalosporanic acid having the charac- 
teristic p-lactam dihydrothiazine ring of cephalosporin C, occurring either naturally or synthetically. Examples of these 
25 derivatives and a review of the chemistry of the cephalosporins is given in Abraham, Quarterly reviews - Chemical Soci- 
ety. 21: 231, 1967. The term "cephem" is sometimes used herein to refer to a cephalosporin. The structure of cepha- 
losporin C is shown below: 



30 




COpH 
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The term "cephalosporin mustard" as used herein refers to a cephalosporin as described above, wherein the 
40 cephalosporin has been derrvatized with a nitrogen mustard as described above. 

The term "cytotoxic" as used herein refers to the property of causing cell growth retardation or cell death, particu- 
larly as measured by a colony inhibition assay or 3 H-thymidine uptake assay (see. eg., Hellstrom et al., in In Vitro Meth- 
ods in Cell-Mediated Immunity. Bloom and Glade, eds., 1971, and the examples herein). 

45 B. General Methods 

The present invention relates to a novel method for the delivery of cytotoxic agents to tumor cells and provides for 
enhanced selective killing of tumor cells in the treatment of cancers, such as carcinomas and melanomas, as well as 
other tumors. 

50 According to the method of the invention, an antibody- enzyme conjugate is administered to a tumor-bearing mam- 
malian host. This antibody-enzyme conjugate consists of a tumor -selective antibody linked to a p-lactamase that is 
capable of converting a prodrug that is less cytotoxic to cells than the parent drug into the more active parent drug. 
When introduced into the host, the antibody component of the conjugate, which is reactive with an antigen found on the 
tumor cells, directs the conjugate to the site of the tumor and binds to the tumor cells. The antibody thus delivers the 

55 enzyme to the site of the tumor. A prodrug that is a substrate for the p-Jactamase is also introduced into the host and is 
converted, at the tumor site, by the enzyme into an active cytotoxic drug. The drug is thus activated extra eel lutarty and 
can diffuse into all of the tumor cells at that site, i.e., those cells bearing the particular tumor antigen to which the anti- 
body of the conjugate is specific and to which the antibody has bound as well as those cells that are negative tor that 
antigen but are nonetheless present at the site of the tumor. The method of this invention therefore overcomes the cur- 
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rent problems of tumor antigen heterogeneity e . •« fc ment of antigen/conjugate Interna lization associated with 

conventional inrnunoconjugate cfrug delivery techniques. 

Furthermore, because the present method does not require the drug to be bound directly to the antibody and 

does not arise. In tact, the present method amplifies the number of active drug molecules present at the tumor site 
because the antibody-bound enzyme of the conjugate can undergo numerous substrate turnovers, repeatedly convert- 
ing prodrug into active drug. Moreover, the present method is capable of releasing the active drug specificaly at the 
tumor site as opposed to release to other tissues. This is so because the concentration of the enzyme at the tumor site 
is higher than its concentration at other tissues due to the coating of the tumor cells with the anttoody- enzyme conju- 

9aU The antibody of the immunoconjugate of the invention indudes any antibody which binds specifically to a tumor- 
associated antigen. Examples of such antibodies include, but are not limited to. those which bind specifically to antigens 
found on carcinomas, melanomas, lymphomas, and bone and soft tissue sarcomas as well as other tumors Antibodies 
that remain bound to the cell surface for extended periods or that are internalized very slowly are preferred These anti- 
bodies may be polyclonal or preferably, monoclonal, may be intact antibody molecules or fragments containing the 
active binding region of the antibody, e.g., Fab or F(ab') 2 , and can be produced using techniques well established in the 
art See e g R A. DeWeger et al., Immunological Rev .. 62: 29-45, 1982 (tumor-specific polyclonal antibodies produced 
and used in conjugates): Yeh et al.. Proc? Natl Acad, 3ci, USA 76:2927. 1979; Brown et al. J , Immun .. 127:539. 1961 
- (tumor-specific rnonoclonal antibodies produced): and Mach et al,. in MOPQ^on^ An^tpodies.t r xgancer PetectiQfrytf- 
Therapy. R W Baldwin et al.. eds . pp 53-64. Academic Press. 1985 (antibody fragments produced and used to localize 
tumor cells). In addition, if monoclonal antibodies are used, the antibodies may be of mouse or human origin or chimeric 
antibodies (see, e.g.. Oi, Biotechniques, 4:214. 1986). 

Examples of antibodies which may be used to deliver the ^-lactamase to the tumor site include, but are not limited 
to L6 an lgG2a monoclonal antibody (hybridoma deposit no ATCC HB8677) that binds to a glycoprotein antigen on 
human lung carcinoma cells (Heltetrom, et al.. Proc Natl Aca^. ggi. USA 83:7059. 1986); 96.5. an lgG2a monoclonal 
antibody that is specific tor p97. a melanoma -associated antigen (Brown, et al.. J. Immunol . 127:539. 1981); 1F5. an 
|gG2a monoclonal antibody (hybridoma deposit no. ATCC HB9645) that is specific lor the CD-20 antigen on normal and 
nc ~r. ? ^ r ™hc (P.brk «t al., Proc. Natl. Acad. Sci. USA. 82:1766. 1985). 

An alternative strategy is to use antibodies that internalize, providing that the prodrug can also internalize, or that 
a sufficient amount of antibody also remains on the surface of the cell. An example of such antibodies may be found in 
fencer Research 56:2183 (1990). 

The enzyme component of ttie immunoconjugate of the invention includes any enzyme capable of hydrolyz.ng trie 
CO - N bond of a p- lactam. Some of these enzymes are available commercially, such as E. coli or B. cereus p-lactama- 
ses. These and other p-lactamases may be doned and expressed using recombinant DNA techniques well known m 
the art- 

Trie fl-lactamases of this invention can be covalentJy bound to antibodies by techniques well known in the art such 
as the use of the heterobifunctional crosslinkng reagents SPDP (N-suc6nimidy1-3-<2i>yric^ith^ 
SMCC (succinimidyl 4-{N^leirridC)methyl) cyclohexane-1-carboxytate (see. e.g.. Thorpe et al.. Immunol . nflY,. 62: 
1 19 1982 Lambert et al.. supra, at p 12038; Rowland et al.. fiucca. at pp 183-184; Gal I ego et al.. supja. at pp. 737- 
7138) Alternatively, fusion proteins comprising at least the antigen binding region of an antibody linked to at leasta 
functionally active portion of a p lactamase can be constructed using recombinant DNA techniques well known in the 
art (see. e.g.. Neuberger et al.. Nature. 312:604. 1984). These fusion proteins act in essentially the same manner as 
the antibody-enzyme conjugates described herein. 

The prodrugs of the invention contain an antitumor agent linked to a cephalosporin or cephalosporin derivative. The 
antitumor agent is activated or otherwise converted into a more active form upon cleavage of the prodrug with lacta- 
mase. In the prefened embodiment, the antitumor agent is a nitrogen mustard, as defined above. A representative nitro- 
gen mustard is shown below: 

h ' m -0~ , C£ 
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Other prelerred * t j. j ?nts include adriamycin, which has the general formula: 



0 OH 0 



i 




The prodrugs of this invention are not limited to these compounds, and may include other antitumor agents that can 
35 be derivatized into a prodrug form for use in a cephalosporin conjugate. Such antitumor agents include etoposkJe. ten- 
iposide. daunomycin, carminomycin, aminopterin, dactinomycin, cis-platinum and cis-platinum analogues, bleomycins, 
esperamicins (see U.S. Patent 4.675,187), and 5-fkjorouracil. 

In one preferred ernbodimerrt of this invention, an arrthracycline-cephalosporin prodrug is synthesized by reaction 
of an arrthracycline with a carboxyl protected 3-[(carbonyloxy) methyt]cephem such as the dipherrylrnethyl esters of 3- 
40 [[(p-nitrophenoxy) carbonyioxy]methyl]cephem and 3K1.2,2,2-tetrachlorc>ethoxy)car^ The 
resulting prodrug contains an anthracycline linked to the cephalosporin by the amino group of the former through a car* 
bamate bond. 

In another preferred embodiment of this invention, a cephalosporin mustard is synthesized by reaction of a 3- 
hydroxymethyl cephalosporin salt wrth an isocyanate, as described in U.S. Patent Nos. 3,355,452, and 3,484,437, and 
45 Belgian Patent No. 74 1 ,38 1 . herein incorporated by reference in their entirety. Such a reaction is also described in detail 
In the examples. 
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More generally, the present invention provides cephalosporin prodrugs of the general formula (I) 

OMH 




^(0). R 

C0 2 H 

( I ) 

wherein Q is hydrogen, an amine protecting group conventionally used in cephalosporin synthesis, or the acyl group of 
a known 7-acylaminocephalosporin antibiotic; L is a direct bond or -S-tCH^n-; R is an agent capable of exerting a cyto- 
toxic effect on tumor cells when released from said cephalosporin -prod rug; n is 2, 3, or 4; and m is 0 or 1 with the pro- 
viso that when L is a direct bond, m is 1 ; or a pharmaceutical^ acceptable salt thereof. 

For the purpose of the present invention, the nature of the substituent Q is not critical as the cephalosporin moiety 
serves as a carrier of the cytotoxic drug and does not contribute to the therapeutic effect of the cytotoxic drug. Thus. Q 
may be for example, hydrogen, a protecting group commonly used in cephalosporin chemistry, or a substituent of 
known cephalosporin antibiotics. Examples of the latter include, but are not limited to, phenyiacetyi, 2-th.enylacetyl. a- 
hydroxyphenylacetyl. phenylglycyi, p-hydroxyphenylglycyl. and (2-amirx)-4-th.a^oly1)^metrK3xyimino)acety1. 

"An amino protecting group" of the sort conventionally used in cephalosporin synthesis includes, but is not limited 
to lower alkanoyi or substituted lower alkanoyl. e.g. formyl, acetyl, chtoroacetyl. and trrfluoroacetyl; aroyl or substituted 
aroyl eg benzoyl, 4-methoxybenzoyt, and 4-nitrobenzoyl; aralkyl, substituted aralkyl, aralkylidene. or substituted 
aralkylidene e.g. benzyl, diphenylmethyl, trityl, nitrobenzyl, methoxybenzyl, and benzylidene; halogenated alkyl, e.g. 
trichloromethyl trichtoroethyl, and trrfluoromethyl; alkoxycarbonyf or substituted alkoxycarbonyl, e.g. methoxycarbonyl , 
ethoxycarbonyl t-butoxycartxxiyl. cyclohexyloxycarbonyl, and trichloroethoxycarbonyl; aralkoxycarbonyl or substituted 
aralkoxycarbonyl e.g. benzyloxycarbonyl, methoxybenzyloxycarbonyi. and nrtrobenzyloxycartonyl; an unsubstituted or 
substituted trialkylsilyloxycarbonyl or triarylsilyloxycarbonyl; and trialkylsilyl or triarytsilyl groups, e.g. tnmethyls.lyl and 
t-butyidimethylsilyl. 

"Acyl group of a known 7-acyiaminocephalosporin antibiotic- refers to the substituent on the 7 -arm no group of a 
known cephalosporin antibiotic and may be represented by the formula R-C(O)-. Examples of R include, but are not lim- 
ited to. 



(a) 



G-CH- 
I 

G ' 



wherein G may be a substituted or unsubstituted aryl, heterocyclic, or cyclohexadienyl group, e.g. phenyl, thienyt, 
thiazolyl thiadiazolyl. imkJazolyt, pyridyl, tetrazolyl, 1 ,4-cyclohexad.enyl. and furyl; the substituents tor the groups 
may be' 1 to 3 of the same or different groups selected from halogen, hydroxy, amino, alkoxy, alkytammo. 
dialkylamino. alkanoytoxy, carboxy, nitro, cyano. and alkoxycarbonyl; G' may be hydrogen, hydroxy, amino, 
-monoalkylammo, dialkylamino, alkanoylamino. alkanoytoxy, carboxy. and sutfo; 

(b) 



G-C- 
II 

N~OY 



Wherein G has the sane meaning given above, and Y is hydrogen. Chalky!, or d ^alkanoyl; 

] 
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(c) G-B-CH 2 - wherein G has the same meaning given above, and B is oxygen or sulfur; and 
(d) 

5 G- (B) ro -CH 2 -C-NH-CH 2 - 

II 

NH 

10 where G, and B have the meanings given above, and m is 0 or 1 . 

Some specific examples of "acyl group of a known 7-acylaminocephalosporin antibiotic" include 2-amino-2-pheny- 
lacetyl, 2-amino-2-(4-hydroxy)phenylacetyl, 2-thienylacetyl. phenylacetyl. 2-hydraxy-2-phenylacetyt, 2-acetoxy-2-phe- 
nylacetyl. 1 -tetrazolylacetyl, [(2-amino-4-thiazolyl)(methoxyimino)]acetyl > glutarcyl phenoxyacetyi. and [(2- 
15 turanyl)(methoxyimino)]acetyl . 

The cytotoxic compound is one having at least one functional group amenable to chemical modification to provide 
the cephalosporin prodrug. Generally such functional groups are selected from amino, carboxyl, and hydroxyl groups 
such that the linkage between the cytotoxic agent and the cephalosporin component is of the carbamate, amide, ester, 
and carbonate types. 

20 A general method for preparing cephalosporincytotoxic prodrugs of the present invention involves first protecting, 
where necessary, any nonreacting reactive groups on the cephalosporin, or the cytotoxic drug or a precursor thereof; 
displacing a leaving group on the cephalosporin, or the cytotoxic drug or a precursor thereof with a nucleophilic group 
on the cytotoxic drug or the cephalosporin; or addition of a 3-hydroxymethyl cephalosporin to a isocyanate precursor of 
the cytotoxic drug; and finally removing any protecting groups. Nonreacting reactive groups are lor example the carbox- 

2£ ylic acid moiety of the cephalosporin or the amino group of melphalan. Protecting group chemistry is well known in the 
art and documented in textbooks such as Protective Groups in Organic Synthesis. 2d Ed. by Greene and Wuts (John 
Wiley & Sons, Inc. 1991). A precursor of a cytotoxic agent is for example mitomycin A or N,N-bis(2-chloroethyl)-4-iso- 
cyanatobenzeneamine which when reacted with an appropriate cephalosporin provides a cephalosporin -cytotoxic pro- 
drug that releases mitomycin C or N,N-bis(2-chloroethyl)phenylenediamine. respectively, upon hydrolysis with a p- 

30 lactamase. A leaving group is for example a halogen atom, an ester activating group such as 4-nitrophenyl or 1,2,2,2- 
tetrachloroethyl, that can be displaced with a nucleophilic group. 

In one aspect, the present invention provides as one subclass of compounds of formula (I) cephalosporin prodrugs 
of the general formula (II) in which the cytotoxic agent is linked to the cephalosporin nucleus via carbamate or amide 
group 

35 

0 
40 

( I I > 

wherein Q, L, and m are as defined under formula (I); and NR a is a nitrogen containing cytotoxic drug; or a pharmaceu- 

46 ticaly acceptable saft thereof. 

Compounds of formula (II) wherein L is a direct bond may be prepared by reaction sequences illustrated in Scheme 
I. Thus, a 3-hydroxymethyl cephalosporin (III), preferably in an alkali metal salt form such as the sodium or potassium 
salt, is reacted with an isocyanato derivative of a cytotoxic agent in the presence of a tertiary amine base in an aprotic 
solvent to afford compounds of formula (V). Alternatively, a carboxyl -protected cephalosporin carbonate of formula (IV) 

so is treated with a nitrogen containing cytotoxic agent followed by deprotection of the carboxyl group to provide the 
desired cephalosporin prodrug (V). The cephalosporin carbonate (IV) may, in turn, be prepared from a carboxyl-pro- 
tected 3^ydroxyrnethyt cephalosporin upon reaction with a chloroformate. e.g.. 4-nitrophenyl chlorcrformate and 
1 .2,2,2-tetrachloroethyl chloroformate. In Scheme I, Q and NR* have the same meaning as defined under formulas (I) 
and (II), R 1 is an ester activating group, preferably 4-nitrophenyl, or 1,2.2.2-tetrachloroethyl; and R 2 is a carboxyl pro- 

55 tecting group, for example, benzyl, t-butyl, diphenyl methyl, ally! and the like. The carboxyl protecting group may be 
removed using conventional techniques such as acid catalyzed hydrolysis and reductive palladium catalysis. 



10 
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Scheme I 



(a) R-N=C=0 + 



C0 2 H 



10 



(III) 



QNH 



15 




-R< 



C V ) 



20 



25 



QNH v 

(b) NR* + /pN^i^o^oR 1 

:o 2 r 2 o 



(IV) 



30 



35 



Compounds of formula (II), wherein L is -S^CH^-and m is 1 . may be prepared by a method analogous to route 
(b) of Scheme I The preparation of the cephalosporin reactarrt (VI) and its subsequent elaboration to yield the cepha- 
losporin prodrug of formula (VII) is illustrated in Scheme II. In Scheme II. Q, NR, n, R 1 , and R 2 all have the same mean- 
ing as previously defined; X is a halogen atom such as chloro, bromo or iodo: The starting cephalosponn of tor mute (VI) 
may be prepared by reacting a carboxyi protected 3-halomethyl cephalosproin of formula (VIII) with a mercaptoaJkand , 
and the resulting 3-hydraxyalkytthiomethyl cephalosporin is treated with a chtoroformate ClCOgR .e.g.. *-nrtrophe- 
nyichloroformate in the presence of a tertiary amine base to afford the compound of formula (VI). 



40 



45 



50 
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(VII) 



Compounds of formula (II), wherein L is -S-(CH2) n -and m is 0, may be prepared by methods illustrated in Scheme 

35 III. 
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Scheme III 




(VI tl ) 



In Scheme III, Q. NR*. n, X, R 1 , and R 2 have the same meaning as previously defined. Thus, a nitrogen containing 
cytotoxic agent is reacted with a 3-thioafcylcartx>xyiate substituted cephalosporin derivative (IX) to torm the resulting 
carbamate prooVug of formula (XI). The cephalosporin derivative of torrrula (IX) in turn may be obtained by reacting a 
thic^lkylcarboxylate, HS(Cr^ n C0 2 R 1 . with a 3-halomethyl cephaJosporin, or by reaction a cartx»yl protected 3^om- 
ethyl cephalosporin with a thioalkanoic acid followed by activation of the acid moiety. For example, R of compound (IX) 
may be sucdnimide or the group -C0 2 R 1 may represent a mixed anhydride. 

Alternatively, the cytotoxic agent may first be derivatized to form the N-triioalkylcart>onyl compound of formula (X) 
by reacting NR a with a thioeltycarboxylate. HS(CH 2 ) n C02R 1 Compound (X) is then reacted with a cartxixyi^fotected 
3-halomethyl cephalosporin (VIII) to give the desired product. For the preparation of compounds of formula (XI). R may 
be for example, succinimide, or -C0 2 R 1 may represent a mixed anhydride). 

' The cytotoxic drug component NR a may be a member of the nitrogen mustard family as defined above Particularly 
preferred mustards are melphaian and N.N^s(2<htoroetriyr)-1.4-benzenediamine (r*eny1enedia/nine mustard), ki 
addition, the cytotoxic drug component NR* may be a member of the anthracyline family. Examples of anth racy dines 
include, but are not limited to, adriamycin, daunomycin, carminomycin, and the like in which the linkage to the cepha- 
losporin is via the sugar amino group -Preferably, the anthracycline ts adriamycin. 

The cytotoxic drug component NR a may also be a member of the mitomycin family. Mitomycins are charactenzed 
by the following general structure: 



i 

J 
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A large number of mitomycin analogs having different substituents on the 7 -position have been reported. For the 
purpose of the present invention, the 7-substituent is not critical as the linkage of the mitomycin to the cephalosporin is 
through the aziridine nitrogen atom A preferred mitomycin for the prodrug is mitomycin C, i.e.. Y=NH 2 . Other examples 
of mitomycin analogs suitable for the present prodrug may be those disclosed in U.S. Patents 4,691.023. 4,803,212. 
4,487,769, 4.888.341, and European Published Application 294.828, hereby incorporated by reference. 

In another aspect, the present invention provides as a subclass of compounds of formula (I) cephalosporin prod- 
rugs of the general formula (XII) in which the cytotoxic-a genets Jinked 4o the cephalospoon-zujcleus via a carbonate or 
an ester group 



26 



C0 2 H 



30 



(XII) 



35 wherein Q, L. and m are as previously defined; OR b is a hydroxy containing cytotoxic drug; or a pharmaceutical! y 
acceptable salt thereof. Compounds of formula (XII) may be prepared according to the general methods described in 
Schemes I to III (with the exception of route (a) in Scheme 0 using OR b instead of NR* used therein. 

As one example of the present invention, the cytotoxic component OR b is selected from the group of epipodophyl- 
lotoxin antitumor agents having the formula 



45 



50 
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wherein Z is^the substituent of a known epip<)dophyllotoxin glucoside. e.g.. alkyt, thienyl. furyl. and phenyl. Particularly 

1 
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Z s methyl (etcposide) and 2-thieny. (tenipostfe). These ".pounds may Pe »n* 
in another asoect. the present .nvenfon proves 



QNH 



10 




C0 2 H 



15 



cxi i n 



or a pharmaceutical^ 



, and tfCOO is a carboxy^ontaining cytotoxic- compound; 

wher^nQ « as prevously del.ned.and R^uu ceDhalosp orin nucleus via the car- 
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1 . N*HC0 ? 
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QNH, 




' c ' c „— @-*<CH,CH t Ci>, 



(MIV> 
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N«C«0 
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CI 




CI 

<3) 

Equal t on ( i ) 



Other representative prodrugs for use in the instant invention are depicted in Figure 1 . These prodrugs shown in 
Figure 1 may be synthesized in accordance with general procedures described in schemes I through IV. These tech- 
niques are well known by one of ordinary skill in the art. 

Another aspest erf the present invention concerns cephalosporin-mitomycin prodrugs having the formula (Ha) 




"CO 



wherin Q and are as defined above. Compounds of formula (Ha) are prepared by reading a 3-aminomethyl cepha- 
losporin with mrtornyan A or a N 1a -alkyl derivative thereof (N 1a refers to the azirkJine nitrogen of mitomycins). The reac- 
tion is conducted in an organic solvent, e.g. etna no! or methanol, at a temperature conducive to product formation, e g. 
at ambient temperature. The reaction is generally completed within 24 hours. Preferably, the reaction is carried out 
under inert atmosphere. The starting material 3-aminomethyl cephalosporin is obtained from the corresponding 3-azi- 
domethyl cephalosporin; both the 3-aminomethyl- and the 3-azidomethyl cephalosporin and methods for their prepara- 
tion are disclosed in Cocker, J.D. et al, J.Chem. Soc.. 1 965, 501 5 at 5027-5029, the relevant portions thereof are hereby 
incorporated by reference. 

It will be appreciated that synthesis of the cephalosporin prodrugs encompassed by the present invention is not lim- 
ited to those procedures and reagents specifically described hereinabove but may be accomplished using other con- 
ventional techniques well known to a chemist skilled in the art of organic synthesis. The selection of protecting groups, 
ester activating groups (and their introduction and removal, rf applicable), solvents, and reaction conditions is within the 
knowledge of a synthetic chemist and may be performed without undue experimentation. L 

J 
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Tne present invention also enconpasses pharmaceutical c ■ nons and methods lor treating cancers and other 
tumors. More particularly, the invention includes compositions con-prising cephalosporin prodrugs which are capable of 
being deaved by antibody-p-lactamase conjugates. The prodrugs and enzyme conjugates are used in a method for 

gate or conjugates and a pharmaceutical^ effective amount ol a prodrug or prodrugs. The compositions and methods 
of this invention are useful in treating any mammal, including humans, dogs, cats, and horses. 

According to a preferred embodiment, the antibody-enzyme conjugate is administered prior to the introduction of 
the prodrug into the host. Sufficient time should be allowed between the administration of the conjugate and the prodrug 
to allow the antibody of the conjugate to target and localize the enzyme to the tumor site. The time may range from 1 2 
hr to one week depending upon the conjugate used. 

The conjugates and prodrugs of the invention can be administered using conventional modes of administration 
including, but not limited to, intravenous, intraperitoneal, oral, intra lymphatic, or administration directly into the tumor. 
Intravenous administration is preferred. 

The corrpositions of the invention may be in a variety of dosage forms which indude. but are not limited to, Iquid 
solutions or suspensions, tablets, pills, powders, suppositories, polymeric microcapsules or microvesicles, liposomes, 
and injectable or infusible solutions The preferred form depends upon the mode of administration and the therapeutic 
application. For example, oral administration of the antibody-f>lactamase conjugate may be disfavored because the 
conjugate proteins tend to be degraded in the stomach if taken orally, eg., in tablet form 

- JThe conjugate or prodrugwa^ositions also preferably include conventional pharmaceutical^ acceptable came**- 
and adjuvants known in the art such as human serum albumin, ion exchangers, alumina, lecithin, buffer substances 
such as phosphates, glycine, sorbic acid, potassium sorbate, and salts or electrolytes such as protamine sulfate. 

The most effective mode of administration and dosage regimen for the compositions of this invention depends upon 
the severity and course of the disease, the patient's health and response to treatment and the judgment of the treating 
physician. Accordingly, the dosages of the immunoconjugates and prodrugs should be titrated to the individual patient. 
25 Methods of determining dosages are well known in the art. 

Nevertheless an effective dose of the antibody -enzyme conjugate of this invention will be in the range of from 
about 1.0 to about 10O0 mg/M 2 , the dose of the prodrug depending upon the particular prodrug used and the parent 
drug from which it is derived. Since the prodrug is less cytotoxic than the parent drug, dosages in excess of those rec- 
ognized in the art for the parent drug may be used. 

In order that the invention described herein may be more fully understood, the following examples are set forth. It 
should be understood that these examples are for illustrative purposes only and are not to be construed as limiting the 
scope of the invention in any manner. 
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C. Experimental 

1 . Preparation of Chemical Compounds 

1.1 Preparation of inter mediates 

40 1 1 1 N N ^ (?^hloroe1hyf)^HSOcy flrvitnhftrgenamine. 

N N^is(2^loroetrTy1)^HSocyanato-benzenamine (4 g. 16.2 mmol, prepared according to the method of Everett et 
al J Chem Soc . 1949 (1972) was dissolved in 80 ml concentrated HCI and cooled in a water bath. Tin chloride trihy- 
drate (6 g) was added in one portion and the reaction was allowed to stir for 10 min The reaction was removed from 

45 the cooling bath and stirred for an additional 35 min. The tan solid product was collected by suction titration on a glass 
fritted funnel and washed with 20 ml concentrated HCI. The tan solid was dissolved in 100 ml water and cooled n an 
ice bath Cold 1 N NaOH was added until the pH of the solution was 8. The cloudy white solution was extracted with 
150 ml diethyl ether, washed with 80 ml saturated aqueous Nad, and dried over anhydrous Na 2 S0 4 . Pyridine (2.7 ml) 
was added to the solution containing the drying agent. The solution was mixed and immediately filtered through glass 

so wool directly into a stirring solution of Phosgene (8.4 ml of 1 .93 M in Toluene. Fluka Chem Co.) in 50 ml diethyl ether 
at 2° C A white solid formed. The reaction was stirred tor 60 min at 2° C and then for 1 5 mn at ambient temperature. 
The reaction was filtered by suction and concentrated in vacuo to give the crude isocyanate (2.81 g) as a dark green 
viscous oil. The isocyanate prepared in this manner showed the characteristic stretch in the I R. 

55 1 1 9 Pn t ^um3Hfhvdmxvme 

A solution of sodium 3^acetoxymetfiyt)^^o-^ 
late (also known as cefaloram) was prepared by dissolving 8.5 g (20.6 mmol) of this salt in 55 ml water and 27 ml meth- 
anol and cooling to -10* C. The pH was adjusted to 11.5-12.0 byj adding 2.0 ml 20% NaOH. then 5 ml 2:1 
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water/methanol. While still at -5° C, co:x;w rrated H 0 PO 4 was added dropwise with vigorous stirring until no more pre- 
cipitate formed. The resulting solution was poured into 90O ml ethyl acetate and 100 ml water. The mixture was 
extracted and the organic layer dried over anhydrous sodium sulfate. The solution was filtered into a vigorously stirred 

. : C :? i r'OA: tu V- : ii! i\ I it L-v; ' • h - u i - / !.»:• • !v ; , , ■_. = The 



5 resulting precipitate was firtered by suction and washed with EtOAc to yield a cream colored solid. The solid was dried 
for 12 hr at 60° C over P 2 0 5 under vacuum to provide 5.63 g of dense yellow, hard solid. 

1.1.3 3-Propenvf 3-iodometrTyl-7-phenylacetamido-8<ixo-5-tN 

w A Preparation of cefaloram 3-prooenvl ester. 

A solution of sodium cefaloram (8.0 g) in 1 50 ml of water was cooled to 0°C and then acidified to approximately pH 
2 with 1 N HCI. The solid which precipitated was firtered and dried under high vacuum to yield 5.9 g (78%) of the cepha- 
losporin acid. This product (5.86 g, 15.0 mole) was then suspended in 32 ml 5:3 DMF/dioxane solution, along with 
75 sodium bicarbonate (1.39 g, 16.5 mole) and ally! iodide (2.05 ml, 22.5 mole). The reaction mixture was stirred for 42 
hours and then poured into a mixture of 400 ml ethyl acetate and 75 ml brine. The organic layer was extracted with 3 x 
75 ml of brine. 75 ml of water, 3 x 75 ml of saturated NaHC0 3> and 75 ml of water and then dried over Na 2 S0 4 . Removal 
of solvents by rotary evaporation under high vacuum yielded 4.2 g crude product which was purified by flash chroma- 
tographywon a^4c&* .1 0 cm silica gel column witb4he fd lowing hexane/ethyl acetate elution gradient: ( 1 ) 3:1 , 1 L, (2) 1 :1 , 
20 1 L. and (3) 1 :3, 1 L. Appropriate fractions containing the product were combined, concentrated to dryness by rotary 
evaporation, and dried under high vacuum to yield the desired product (1.702 g, 26.4%). 
Analysis Calcd. for C 2 iH22N 2 0 6 S - 0.5 HgO: C, 57.39; H, 5.28; N. 6.37. 
Found: C, 57.48; H, 5.10; N, 6.25. 

25 B. 3-Prooenvl 3-iodomethvl-7-Dheny1acetamido-8-oxo-5-thia-1 ^azabicvclof4.2.01oct-2-ene-2-cartx)xv1ate 

A solution of trimethylsily! iodide (0.800 ml, 5.6 mmoJe) and 3-propenyl cefaloram (1.20 g, 2.8 mmol) obtained in 
Step (a) was stirred in 30 ml of methylene chloride under nitrogen at room temperature lor 1 hour. An additional 20 mi 
of methylene chloride was added, and then the reaction mixture was extracted with 30 ml of water, 2 X 50 ml of sodium 
30 metabisulfrte. and 30 ml of water. The organic layer was dried over sodium sulfate, and solvents were removed by rotary 
evaporation and drying under high vacuum to provide the title compound (1.10 g, 79%). 

1 H NMR (CDCI 3 ) 6: 7.4-7.1 (m, 5H), 6.1 (d, 1H), 6.1-5.8 (m, 1H), 5.8 (dd, 1H), 5.4-5.2 (m, 2H), 4.9 (d. 1H), 4.72 
(d. 2H), 4 32 (q, 2H), 3.7 and 3.4 (q). 3.6 (d) 

35 1 1 4 3-Propenyl 3-ff(2^vdroxy)emynthiomethvn-7-phenvlacetarnidQ-8-QXQ-5-thia-1 -a^abicvdQf4,2,Qloct-2-ene-2-car- 
froxylate 

A solution of the 3-iodomethyl cephalosporin allyl ester from Preparation I above (1.10 g, 2.21 mmole), 2-mercap- 
toethanol (0.309 ml, 4.42 mmole), and 2.6-lutidine (0.386 ml, 3.32 mmole) was stirred for 1 hour at room temperature 
40 under N 2 in 30 ml of methylene chloride. After extracting with 4 x 50 ml 0.1 N acetic acid, the organic layer was dried 
and concentrated by rotary evaporation. NMR analysis indicated that all starting material had not been consumed; 
therefore, the residue was redissofved in 30 ml of methylene chloride and retreated with mercaptoethanol (0.150 ml, 
2.20 mmole) and 2,6-lutidine (O.190 ml, 3.30 mmole) under N 2 for 3 days. The reaction mixture was worked up as 
before. Flash chromatography was carried out on a r x 3" silica gel column using an ascending gradient of ethyl ace- 
45 tate in hexane (25%- 75% ethyl acetate). The product, which eluted at an ethyl acetate concentration of 35%-45%, was 
isolated by rotary evaporation and dried under high vacuum. The product weighed 1 75 mg (18%). 
Analysis Calcd. for CgiH^NgOsSj • 0.5 H z O: C, 55.13; H, 5.51; N, 6.12. 
Found: C, 55.44; H, 5.28; N, 6.05. 
FAB MS: Ml-r 449; MW observed 448. 
50 1 H NMR (CDCI3) S: 7.3 (m. 5H), 6.1 (d, 1H), 5.85 (m, 1H), 5.73 (dd, 1H), 5.4-5.2 (m, 2H), 4.9 (d, 1H), 4.64 (d. 

2H), 3.85 and 3.2 (q). 3.6 (d), 2.75-2.5 (m, 2H). 

13 C NMR (CDCI3): 171.0. 164.0, 134.0, 131.0. 129.9, 129.3, 129.1, 127.6, 119.5. 66.7, 61.2, 59.0. 57.9, 43.2. 
33.9, 32.9. 27.4. 

55 1 1 .5 Dtphenvlmethvl 3 -TT( 2 -rrydroxy)etriv^ 

cartxwylate 

Neat 2-mercaptoethanol (0.69 ml. 10. 1 mmol) was added to a solution of diphenylmethyl 3-kxjomethyi-7-phenyla- 
cetamdc-8<>xo-5-thia-1-azabicy^ (6.0 g. 9.8 mmol) and 2.6-lutidine (1.14 ml. 9.9 
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mmol) in 50 n. ^ Oiy dimethyttormamide stirring at 25°C under N 2 . The reaction was stirred for 52 hours and then 
poured into a separatory funnel containing 450 ml of 8:1 EtOAc/Et 2 0 and 450 ml of water. The reaction mixture was 
shaken and the water layer discarded. The organic extract was dried over anhydrous NaeS0 4 and concentrated in 

c desired product as an oh-white solid. 

'H NMR (CDCy 6: 7.44-7.22 (m, 15H). 6.87 (s. 1H), 6 07 (d. J = 9.2 Hz. 1H). 5 80 (dd. J * 9.0. 4.9 Hz, 1H). 4.96 
(d, J = 4.8 Hz. 1 H). 3.74 (d. J = 4.8 Hz, 1 H). 3.62 (rn. 2H), 3.56 (m. 2H). 3.50 (d. J = 4.9 Hz, 1H). 3.7-3.4 (m. 2H. partially 
obscured), 2.50 (m. 2H). 

r0 1 1 k ^ rp^ Y rimx Y)ethv11tN^^ acrt 

Solid diphenyimethyl 3-[[(2-hydrcocy)ethyq-tN^ -azabicydo-[4.2.0]oct-2- 
ene-2-carboxylate (1 .21 g. 2.1 0 mmol) was suspended in 4 ml of anisole. Care was taken to ensure all of the solid was 
wetted with the solvent The flask was cooled in an ice-water bath, and then 10 ml (0 13 mmol) of precooled trifluoro- 

15 acetic acid (2°C) was added via syringe. The reaction mixture was stirred far 5 minutes, and then the cooling bath was 
removed. The reaction was stirred for 30 minutes (room temperature. 25°C). and then the volatile* were removed on 
high vacuum Analysis by thin layer cnromatography on silica gel showed 3 major products when visualized under U.V. 
after eJution with 8:1:0.5 chloroform :isopropyl alcohol: acetic acid. Flash chromatography using 8:0.5:0.5 followed by 
8 V 5 and then 85:1 -mixtures of the same solvents as eluents provided*he3 products. The ^rost polar product wor, * 

20 triturated with diethylether to provide 154 mg (18%) of the desired product as a white solid. The ether washes were col- 
lected and stored in a freezer after concerrtration to give an oil. 

'H NMR (DMSO<J 6 ) 6: 9.07 (d. J = 8.4 Hz, 1H), 759-7.19 (m, 5H) 5.57 (m. 1H). 3.71-3.2 (m, 8H), 2.5-2.46 (m, 

2H). 

25 i 1 7 Dfah enyjm^hy^ 
carfrgxytate 

Neat 3-mercaptopropionic acid (0.93 ml, 10.6 mmol) was added to a solution of diphenyimethyl 3-iodomethyl-7- 
phenylacetamido-8^oxo-5-thia-1 azabicyclo[4.2.0]oct-2-ene-2-cart>oxylate (3.244 g, 5.31 mmol) and 2,6-lutidine (1.86 
30 ml 15.93 mmol) stirring at 25°C in 50 ml of dichloromethane under a nitrogen atmosphere. After stirring tor 24 hours, 
the reaction mixture was poured into 0.5N HCI and extracted with 3 portions of CH 2 a 2 . T*ie combined organic extracts 
were dried over Na 2 S0 4 . concentrated, and purified by flash chromatography over Si0 2 using a gradient of 40%- 100% 
EtOAc/Hexane as eluerrt to provide the desired product as an off-white solid (1 28 g. 41%) 

1 H NMR <CDCI 3 ) 6: 7.4-7.2 (m. 15H). 6.92 (s, 1H), 6.22 (d, J = 10 Hz. 1H). 5.80 (dd. J = 9.3. 4.8 Hz. 1H). 5.00 
35 (d. J = 5.9 Hz. 1H), 3 65 (m, 2H), 3 56 (ABQ, J = 94.3, 14.0 Hz, 2H). 3 52 (m. 2H). 2.8-2.4 (m. 4H). 

Diphenyimethyl 3^(2<artxKyethy0thtomet^ 2-ene-2- 
40 carboxylate (1 .01 g. 1 .71 mmd) in a 50 ml round-bottom flask was wetted with 3 ml of anisole. The reaction flask was 
cooled in an ice-water bath and 10 ml (0.13 mmol) of trifluoroacetic acid (precooled to 2*C) was added. After 5 minutes, 
the cooling bath was removed. The reaction mixture was stirred for 35 minutes at ambient temperature, and then the 
volatiles were removed by high vacuum. The remaining yellow solid was dissolved momentarily in 25 ml c* dichlo- 
romethane, and then a white solid precipitated. Filtration by suction and drying under vacuum provided 402 mg (56%) 
45 of the desired diacid. 

FAB MS (NOB A): 436. 

13 C NMR (DMSCXie) 6: 172.8, 170.9, 164.5, 163.0, 135.8, 128.9, 128.2, 128.1, 126.4, 124.6, 58.8, 57.9. 41.5. 
34.3, 32.3. 26.7. 25.6. 

so 1 1 q ni phprwlmethd 3-ri(4^ 
rinf4 :> pioct-2^ne-2Hartx3xylate 

Pyridine (0500 ml, 2.5 mmole) was added to a stirring suspension of dphenyl methyl 3 -hydroxy methyl- 7-phenyla - 
cetamic^<)xo-5-thia-1-azab4cycto[4.2.0loct-2-ene 2 -carboxylate (1.030 g. 2.0 mmole) and p-nitrophenyl cHorofor- 
55 mate (444 mg, 2.2 mmole) in 20 ml of methylene chloride under N 2 at room temperature. After stirring tor 75 minutes, 
the solvent was removed by rotary evaporation. Flash chromatography was earned out on a 1 x 5 cm silica gel column 
with an ascending gradient of ethyl acetate in hexane (25%-50% ethyl acetate). On sitting, those fractions which con- 
tained the carbonate product produced crystals, which were filtered, combined, and washed with ethyl acetatevhexane 
(1 :1). The product was dried under high vacuum. Yield of the product was 517 mg (38%). 
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M.P.: 161°-162.5°C. 

Analysis Calcd. for C^H^NaOgS: C, 63.62; H. 4.30; N. 6.18. 
Found: C, 63.35; H; 4.10; N, 6.10. 

£ NMR (CDCI3) S: 8.25 (d,2H), 7.2-7.4 (m, 17H), 6.9 (s, 1H). 6.0 (d. 1H), 5.87 (dd. 1H), 5.2 and 4.95 (q, 2H), 

4.95 (d. 1H), 3.6 (d, 2H), 3.5 (q. 2H). 

1.1.10 Diphenylmethyl 7-phenylacetamido-3-ffH .2,2.2-tefrachloroethoxy)rarbonyto^ 
dor4.2.01oct-2-ene-2-carb0)cytate 

10 

Diphenylmethyl 3-hydroxymetrryl-7-phenylacetamido-8-oxo 5-thia-1 -azabicydo[4.2.0)oct-2-ene-2-carboxylate 
(5.15 g, 0.010 mole) and 1,2,2,2-tetrachlofoethyichloroformate (1.53 ml, 0.O10 mole) were stirred and partially dis- 
solved at 0°C in 125 ml CH 2 CI 2 under N 2 Pyridine (0.97 ml, 0.012 mole) was then added slowly while maintaining tem- 
perature at 0°C After the addition was complete, all material dissolved and the reaction mixture was warmed to room 
15 temperature with stirring for 30 minutes The contents of the reaction vessel were transferred to a separator y funnel and 
the organic layer was extracted twice with 75 ml cold 0.5N HCI and once with 75 ml H 2 0. The organic layer was sepa- 
rated and dried over Na 2 S0 4 . This was rotary evaporated to a foam, then dried under high vacuum at 35°C to yield 
7.15g (99%) of the product. 

*H-NMR (CDCI3): 7.4-72 (m, 15H), 6.90 (s, 1H), 6.60 (3.1H), 5.97 (d. 1H). 6.87 (dd, 1.H). 5.1 (m. 2H>. 4.93 (cl— 
20 1 H), 3.62 (dd. 2H). 3.45 (dd, 2H). 

13 C-NMR (CDCI3): 171.5. 165.3, 160.7, 151.8. 139.2. 139.1. 133.9. 129.7-127-6 (multiple peaks). 124.8. 124.7. 
91.3. 80.3. 68.43. 68.37. 59.4. 57.7. 43.4. 26.4. 
FAB MS: (NOBA + Kl) [M+K] + at m/e 763. 

Microanalysis: Calculated for C 32 H 26 N 2 0 7 CUS: C, 53.05; H, 3.62; N, 3.87. 
25 Found: C, 52.97; H. 3.47; N, 3.80. 

1 .2 Preparation of Cephalosporin Cytotoxic Agent Prodrugs 

1.2.1 3^ff4-fBis(2-chlorc^thyl]amino]-ph 
30 clo[4.2.01oct-2-ene-2"Carboxvlic acid (hereinafter referred to as CM). 



PhCH 2 C0N* 




40 (XIVI 

A solution of the crude isocyanate prepared above (3.92 g. 0.0151 mol) in 10 ml of dry DMF dimetriytformamide was 
added to a solution of the cephalosporin potassium salt prepared above (2.65 g, 0.00688 mol) stirring at 25° C under a 

45 nitrogen atmosphere. Immediately, triethyiamine (2.7 ml, 0.020 mol) was added. The reaction was stirred for 26 hr and 
then poured into a mixture of 500 ml 1 :1 EtO Ac/water. After shaking. 100 ml diethyl ether was added to the emulsion. 
The organic layer was separated. The aqueous layer was acidified to pH 5 using 1 N HCI and extracted with 200 ml die- 
thyl ether. The organic extract was separated and the remaining aqueous layer was further acidified to pH 3. The 
organic layer which formed was separated. All three organic layers were dried separately over anhydrous Na 2 S0 4 and 

so concentrated separated in vacuo. Each fraction was flash chromatographed separately on Baker Octadecyl C 18 using 
20% then 30% then 40% CH 3 CN/water as eluent Each pure fraction was concentrated separately on a rotary evapo- 
rator under vacuum at 30° C until nearly all of the acetonitrile had been removed. The aqueous solutions were filtered 
through glass wool to remove the dark red oily solids which had precipitated. The water was removed on a freeze dryer 
and the remaining slightly yellowish, white fluffy solids were combined and dried for 12 hr in vacuo at 25° C over P2O5. 

55 The slightly impure, overlap fractions from the chromatography and the previously removed red solids were combined 
and rechromatographed as above to provide additional product after drying in vacuo. The total yield of product was 280 
mg (9%) of light yellowish, white colored fluffy solid. (IR [KBr] 3404 b. 3060. 2958. 1780, 1724, 1666, 1666. 1522. 1392. 

* 658 cm* 1 ; FAB/NO BA MH* calcd for C^H^OeCbS «= 607.1 185. found «= 607.1 171: NMR [DMSO - d6] 6 13.85 - 

J 13.55 [bs. 1H], 9.41 [bs. 1H]. 9.09 [d. J * 8.2 Hz. 1HJ, 7.30-7.18 (m. 7H). 5.65 [m. 1 HJ, 5.07 [d, J « 4.8 Hz. 1HJ. 5.01 . 
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4.72 [2d, J = 12.6 Hz, 2H], 3.66 [bs, 8H], 3.70 - 3.44 [m, 4H]; 13 C NMR pMSO - 66] 171 .5, 166 t. t3.9. 142.7. 

136.3, 129.4, 128.6, 126.9. 120.6, 112.7, 63.1, 59.2, 57.6, 52.5, 41.6, 41.3, 25.7). 



5 ylic acid (hereinafter referred to as ADR-ceoh) 




25 (A) Djphenylmethyl ester of ADR-ceph 

Adriamydn hydrochloride (1 16 mg, 0.2 mmole), the cephalosporin p-nitrophenyl carbonate of Example 1 .1.9 (122 
mg, 0. 1 8 mmole), and triethylamine (33 pi, 0.24 mmole) were stirred in 25 ml of DMF for 45 hours. Solvent was removed 
by rotary evaporation. The residue was redissolved in 100 ml ethyl acetate and extracted with 1 50 ml (0.1%) acetic acid. 

30 The aqueous layer was extracted with ethyl acetate, and the combined organic layers were concentrated to dryness by 
rotary evaporation. Flash chromatography was carried out on a 0.5" x 6" silica gel column with CH 2 CI 2 followed by 
CH 2 Cl2/CH 3 OH (97:3). The red fractions were combined, concentrated, and rechromatographed as before (0.5" x 3" 
column). Appropriate fractions containing the red component were combined, concentrated by rotary evaporation, and 
dried under high vacuum to yield 80 mg (41%) of the product 

35 FAB MS: MH* 1085; M + 1084. 

n H NMR (selected peaks) 6: 7.9 (m), 7.7 (m). 7.1-7.4 (m), 5.7 (dd). 6.8 (s), 4.0 (d). 1.2 (d). 

(B) Alternative procedure for the preparation of the diphenyi methyl ester of ADR-ceph. 

40 The cephalosporin intermediate of Example 1.1.10 (72 mg. 0.10 mmole) was dissolved in 2 ml THFJhis solution 
was then added dropwise to a stirring solution of Adriamycin hydrochloride (44 mg. 0.076 mmole) and NaHC0 3 (13 mg, 
0.15 mmole) partially dissolved in 2 ml H^/l ml THF at room temperature. After 1 nr., TLC and HPLCshowed the reac- 
tion to be complete. The contents of the flask were diluted with 25 ml ethyl acetate and extracted once with 25 mi 0.1 N 
HO Ac. The organic layer was concentrated by rotary evaporation, then the residue was purified by flash chromatogra- 
45 phy on Merck silica gel 60 with the following series of etuants: (1) 200 ml CH^, (2) 100 ml CH^^tOAc 9:1 , (3) 100 
ml CH 2 CVEtOAc 8:2, (4) 100 ml CH^^TMeOH 98:2. (5) 100 ml CH 2 CI 2 /MeOH 96:4, and (6) 100 ml CH^I^eOH 
92:8. The pure produce fraction was collected during the 2-4% MeOH elution. It was concentrated to dryness by rotary 
evaporation and further dried under high vacuum at 35°C to yield 66 mg (80%) of the Adriamycin carbamate product 
1 H-NMR (CDCI 3 ): 13.95 (S. 1H), 13.18 (s, 1H), 7.99 (d, 1H), 7.75 (t. 1H), 7.36 (d, 1H), 7.3 (m, 15H).6.fr1 (6, 1H), 
50 667 (d. 1H), 5.76 (dd, 1H). 5.48 (S, 1H), 5.22 (m, 2H), 4.86 (d. 1H), 4.7 (m, 2H), 4.55 (S. 1H), 4.08 (m, 1H), 4.04 (s, 3H), 
3.75 (q. 1H). 3.5 (broads, 3H), 3.3-2.85 (m, 4H). 2.58 (d. 1H), 2.34-2.12 (dd, 2H), 1.26 (d, 3H). 

13 C-NMR (CDa 3 ): 186.9, 186.5, 171.3, 165.2, 160.9, 160.6, 156.1, 155.5, 154.9, 139.0. 138.9. 135.7, 135.2, 
133.7. 133.5, 130.4, 129.3-126.8 (multiple peaks). 124.8, 120.6, 119.7, 118.4, 111.4. 111.2, 100.6. 79.6. 69.5. 69.0. 
67.2, 65.4. 62.8. 59.1. 57.6. 56.5. 47.1. 43.1. 35.5. 33.8. 29.8, 29.6, 26.0. 16.7. 
55 FAB MS: [M+K]* at nVe 1 123 

Microanalysis: Calculated for C^HggNaO^S -S^hfeO: C, 58.04; H, 5.43; N, 3.56. 

Found: C. 57.99;. H. 4.66; N. 3.60. 4 
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(C) Preparation of ADR-ceph. 

Trrfluoroacetic acid (2.5 mL) was added raDidly to a stirred, cooled (ice/H?0 bath) solution of diphenylmethyi ADR- 

when the solution was poured into a stirred mixture of water containing ice. The pH was rapidly raised to 7 A with the 
addition of less than one equivalent of dilute aqueous NaOH, followed by the addition of dilute aqueous NaHC0 3 . The 
mixture was washed with ethyl acetate. The aqueous layer was filtered through diatomaceous earth. The filtrate was 
pumped onto a Michel-Miller HPLPLC column (22x300 mm) (purchased from ACE Glass. Column designed by K. H. 
Michel and R. F.Miller, U.S. Patent 4,131,547) containing Partisil Prep 40 ODS-3 (Whatman Chemical separation. Inc., 
Clifton, N.J.) which had been previously equilibrated with 0.02M ammonium phosphate (pH 6.5) buffer containing 10% 
acetonitrile. The column was eluted with 150 mL of this buffer and then was eluted with a solution of the buffer contain- 
ing 40% acetonitrile whereupon the title compound rapidly eluted as a discrete red band. The product containing frac- 
tions were combined and were diluted with H 2 0. The aqueous solution was layered with ethyl acetate and thepH was 
lowered to 3.4 with the addition of dilute HCI The ethyl acetate layer was washed sequentially with Hfi>. saturated NaCI 
and then was dried over Na 2 S0 4 . Removal of the ethyl acetate left the title compound (102 mg) as a bright orange solid. 
The pH of the combined aqueous washings was lowered to 2.5 with dilute HCI. Reextraction with ethyl acetate as pre- 
viously described afforded an additional crop of trie title a>mpound (25 mg). Analytical HPLC showed each fraction to 
have the same area percent purity (>99). 

„ HELC: (retention time = 8.14 minutes). Waters X) 18 radial pak cartridge. 2.0 mU^min of 60% pump A-(0.05 NU- 

pH 6.5 ammonium phosphate plus 5% CH 3 CN) and 40% pump B (80% CH 3 CN-20% Hfi). Detect at 254 nm 

1 HNMR: (DMSO-d 6 , 300 MHz) 6 13.99(1H,s). 13.23 (1H,s). 9.05 (1H,d), 7.90-7.86 (2H,m), 7.60(1H.dd), 7.27- 
7.19 (5H.m) 6.91 (1H,d). 5.60 (1H,dd), 5.42 (1H.S). 5.20 (1H,s), 5.01 (1H.d). 4.88 (3H.m). 4.73 (IH.m), 4.57 (3H,m). 
4.14 (lH,m), 3.95 (3H,s), 3.67 (1H,m), 3.56-3.33 (6H,m), 2.96 (1H,d), 2.87 (1H,d), 2.18 (1H,d), 2.07 (1H,dd). 1.82 
(1H,m). 1.45 (1H,m), 1.11 (3H,d). 

13 C NMR: (DMSO-de, 360 MHz) 6 213.8. 186.6. 186.4, 170.9. 164.7, 162.8. 160.8, 156.1, 155.1. 154.5, 136.2. 
135.8. 135.6. 134.7. 134.1, 129.0, 128.2, 126.4, 126.0, 124.5, 120.1, 119.8, 119.0, 110.8, 110.7, 1O0.3, 75.0. 69.9, 
68.0, 66.7, 63.7, 62.5, 59.1, 57.4, 56.6, 47.2, 41.6, 36.7, 32.1, 29.8, 25.4, 17.0. 

Mas Spectrum: (Positive ion FAB, NOBA + Kl) m/z 956 (M+K)+. 

1.2.3 4-methoxvbenzvl 7-phenvlacetamidO'3-f(N-t-BOC-melphananvl)methv1V8-oxo-5-thia-1 azabicvclof4.2.01oct 2- 
ene-2-carboxylate 



PhCH 2 C0NH s t-B0C 



C0 2 CH 2 — <^>~0CH3 



A suspension of 4-methoxybenzyl 3<^k>romethyl-7-phenytacetamido^^^ 

boxytate (0.946 g, 2.0 mmole) and sodium iodide (1 .20 g, 8.0 mmol) in 90 ml of acetone was stirred for 2 hours at room 
temperature. Solvent was removed by rotary evaporation. The residue was dissolved in 75 ml of methylene chloride and 
extracted with 3 x 50 ml (5%) of sodium metabisulfite and 50 ml of water. The product was dried over Na 2 S0 4 and con- 
centrated to dryness by rotary evaporation to provide the corresponding 3-iodomethyl cephalosporin ester (758 mg, 
67%). This cephalosporin iodide (678 mg, 1.2 mmole) was then stirred in 25 ml of DMF with NaHCO 3 (101 mg, 1.2 
mmole) and N-t-BOC-melphalan (486 mg, 1.2 mmole) for 3 hours at room temperature. After removal of solvent by 
rotary evaporation, the residue was dissolved in 75 ml of ethyl acetate and extracted with 3 x 50 ml of saturated 
NaHC0 3 and 50 ml of water. The organic layer was dried over Na 2 S0 4 , concentrated by rotary evaporation/ and puri- 
fied by 2 flash chromatographic procedures. In the first procedure, elution was carried out on a 2" x 8" silica gel column 
with CHCI3/CH3OH (97:3) . In the second procedure, the partially purified product was eluted on the same size silica gel 
column with CHCI 3 (500 ml) followed by CHCVCH 3 OH (97:3, 400 ml). Appropriate fractions were combined, and sol- 
vents were partially concentrated by rotary evaporation. Solid was precipitated by the addition of an etherAiexane solu- 
tion. The solid was fitered and dried under high vacuum. The yield of product was 200 mg (19.5%). 
FAB MS: MH* 855; MW observed 854. 4 
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NMR (CDCI3) 6: 7.5-7.2 (m), 7.0 (d). 6.9 ;i . i o (ti). 6 0 (t). 5.8 (dd). 5.2 (s), 4.9 (d). 4.32 (q), 3.8 (s), 3.8-3.4 
(m), 1.4 (S). 



5 2-cartxaxvlate 




25 



30 



J5 



A suspension of diphenylmethyl 3-chloromemyi-7-phwy1acetamidch8-^^ 

boxylate (1 .038 g. 2.0 mmoie) and sodium iodide (1 ,20 g. 8.0 mcnole)ia254ri of acetone was stirred for 2 hours at room 
temperature. Solvent was removed by rotary evaporation. The residue was dissolved in 75 ml of ethyi acetate and 
extracted with 3 x 75 ml of brine. The product was dried over Na 2 S0 4 and concentrated to dryness by rotary evapora- 
tion to provide the corresponding 3-k>domethy1 cephalosporin ester. This cephalosporin iodide (610 mg. 1.0 mmole) 
was then stirred in 10 ml of DMF with NaHC0 3 (84 mg, 1.0 mmole) and N-t-BOC-melphalan (405 mg, 1 .0 mmole) lor 2 
days at room temperature. After removal of solvent by rotary evaporation, the residue was dissolved in 100 ml of ethyt 
acetate and extracted with 3 x 75 ml of saturated NaHC0 3 and 50 ml of water. The organic layer was dried over 
Ma_SCU concentrated by rotary evaporation, and purified by flash chromatography on a 2" x 9" silica gel column with 
the following elution gradient: (1) CHCI 3 /CH 3 OH (95:5. 600 ml), (2) CHCI3/CH3OH (90:10, 400 ml), and (3) 
CHCI3/CH3OH (80:20, 600 ml). Appropriate fractions were combined, and solvents were concentrated by rotary evap- 
oration. Solid was isolated by trituration with hexane. It was fitered and dried under high vacuum. The yield of product 
was 117 mg (13%). 

FAB MS: MW observed 900. 

1 H NMR: 7.5-7.2 (m), 6.9 (d), 6.6 (d), 5.6 (dd), 5.2 (d), 3.7-3.5 (m), 3.15 (q). 1.4 (s). 
1 .2.5. 7-Ph e nvlac e tamtdo-3-(N^mHomvcin CV8- o «n-fi-thia>1-a7abicvdor4,2.0lQCl-2-ene"2^rbQ^te acid 



PhCHoCONH 
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A solution of 3-azidomemyl-7-pheny1acetamkjo^ ackj ( 10 ° 

prepared according to Cocker, J.D. et al, J. Chem. Soc . 1965, 5015 at 5027-5028) in ethanol (10 mL) containing 70% 
HCIO 4 (100u.L) was reduced at 35 psi over Pt (20 mg). After 18 h, silica gel TLC with rvBuOH:AcOH:H 2 0(4:1 :1) as eiu- 
ant indicated formation of a single more polar product that was positive by ninhydrin test tor primary amine. Diisopro- 
pylethyl amine (175 \xi.) was added and vol a tiles were removed in vacuo. The residue was suspended in MeOH (10mL) 
and was treated with diisopropylethyl amine (100 ul) and mitomycin A (70 mg). The dark mixture was stirred under 
nitrogen for 18 h. Silica gel TLC with the same solvent system as above indented completion of the reaction with Ihe 
formation of a compound more polar than mitomycin A. The dark reaction mixture was adsorbed on to C-1 8sica gel 
(2g) and the dry powder was layered on a C-1 8 column (15 cm x 2.5 cm) equilibrated with water and eluted with water 
(150 mL) and MeOtthfeO (3:7). Fractions containing cephalosporin derivative of rnitomycin were combined and evap- 
orated in vacuo to give the title compound as a blue sold 160 mg). 
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To a greyish Wuo >o . - • u- :ne title compound (0.3 mg) in PBS (1 mL) was added BCP II (Baalus cereus penicil- 
linase, 10 uL protein concentration = 4.1 mg/mL). Immediately the color changed to blue. Si0 2 TLC with MeOH:CHCl 3 
( 1 :9) and n-BuOH :AcOH:H 2 0 (vide supra) indicated complete conversion to mitomycin C. 

1 o a 3 jf4 z BjSl2 I cNc^ 

[A 2 Q ]oc1-2-ene>2-cartxyYlic add 




7<3lutaroylamino-3-hydroxyme^ acid (disclosed in US. Patent 

3 912 589) is converted to the corresponding bistriethyl arnrnonium salt by dissolving the acid in 0.1 M Et 3 NHOAc (4 
mL). and applying the solution to a column of C-16 (ttX) g. 24 cm x 3 cm)_equikfated with the same buffer. The column 
is eluted with 0.1 M Et 3 NHOAc under nitrogen pressure, and fractions containing the desired saft are combined and 
evaporated in vacuo to give the bistriethyiammonium saft of 7-glutaroylaminch3^roxymethyf^^o^-tNaM-azabi- 
cyio[4.2.01oct-2-ene-2-carboxylic acid as a pale yellow gum after drying over P2O5 under vacuum. This material was 
used as is for subsequent coupling with isocyanate from phenylenediamine mustard. 

To a magnetically stirred green suspension of phenylenediamine mustard hydrochloride (969 mg, 3.6 rnmot) in 
absolute THF (40 mL) under N 2 at 0° C was added dnsopropyt ethyl amine (DIEA. 630 >iL, 3.6 mrnol). After 10 min, a 
solution of phosgene in toluene (1.9M. 1 .95 mL) was added dropwise. After 1 h at 0° C. SiC^ TLC with EtOAc:hexane 
( 14) indicated completion of the reaction with the formation of the isocyanate as the major less polar product 

To a solution of the bistriethyiammonium salt of 2 (1 .64 g) in anhydrous DMF (10 mL) at 0" C under N 2 was added 
DIEA (1 .6 mL). After 5 min. the ice cold solution of the isocyante (vide supra) was canulated in a thin stream into the 
DMF solution. The orange solution was stirred at O 0 C for 3 h. The apparent pH of the reaction mixture was 5 and no 
more conversion took place by silica gel TLC (multiple developments with CHCI 3 :MeOH:AcOH = 89:10:1). The reaction 
mixture was diluted with acetonitrile (30 mL) Added 10 g of C-18 silica gel. Volatiles were removed in vacuo. The resi- 
due was applied to a C-18 column (12 x 2 cm) and eluted with 30%. 40%. and 50% acetonitrile in 1% acetic acid in 
water Fractions containing the desired compound were combined and evaporated in vacuo to give a pale yellow gum 
(500 mg) Addition of EtOAc (6 mL) to this material resulted in the formation of a yellow solution from which the title 
compound crystallized out as a white fluffy solid (350 mg). High resolution MS: M* = 602.1022 (observed), 602.1005 

(calculated)^ (DMS(>d6): QM (g 1H) Q Q3 (d m, NH, J = 9 Hz). 7.26 (d. 2H, Ar-H, J «= 9 Hz). 6.68 (d. 2H. Ar-H, J 
= 9 Hz) 5.66 (dd. 2H. 7-H. J « 6 Hz and J - 9 Hz). 5.10 (d. 1 H. 6-H J = 6 Hz). 4.87 (dd. 2H. 3-0^0. J - 12 Hz), 3.67 
(s. 8H. (NCHaCHgCOz). 3.58 (dd. 2H. 2-H. J « 18 Hz). 2.21 (m. 4H. 2* and 4'-H). 1.71 (m, 2H. 3'-H). 

2. Biological Evaluation 
2.1 Preparation of Materials 

2.1.1 pu r ification and properties of B. cereus Q-lactamase 

Commercially available E. coji and B. cereus p-lactamases were contaminated with other proteins, thus resulting in 
low specific activities. Analysis of the B cereus p-lactamase (Sigma Chemical Co.) by SDS-PAGE indicated the pres- 
ence of a major band at 30 KD and a minor band at 25 KD. Partial separation of the two proteins was achieved by cation 
exchange chromatography. 

Analysis of their activities using the cephalosporin-mustard as a substrate inoScated that the minor constituent at 
25 KD was responsive for the hyorcrfysis reaction. The proteins were separated in a manner similar that descrtoed by 
Davies. et al. Biochem J . 143:115-127, 1974, that involves first heat denaturation followed by chromatography on a 
Mono S cation exchange column (Pharmacia) 

The 25 KD enzyme was highly purified as indicated by SDS-PAGE. EDTA (2.5 mM) completely inhibited the 
enzyme activity using CM as a substrate. These results are consistent with the classification of this enzyme as a B 
cereus p-lactamase (II). See Bu^h. Antimicrobial Agents Chemother. 33259. 1989. B. Cficafi (lactamase hydrolyzed 

J 
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"M with a Km of 25 jiM and a Vmax of 250 jimol mirr 1 mg' 1 . Al a concentration of 1 .4 M g/rrt. purified B- Cfiffius lacta- 
mase (II) enhanced the cytotoxic activity of CM to the level observed for PDM ( Figure 5). 
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A so.ution of monodonal antibody L6 (1-10 mg/m.) in phosphate buttered saline t P ^"™>^_^*£ 
0.015 nil in SMCC (Pierce Chemcal Co.. 3 mM in DMF). After 30 min the solution was applied to a G-25 Sephaoax 

C °Tc^ JS^.'SSS Chemica. Co.) at «- C in 10 mM phosphate/ 200 mM Nad. pH 7.5 (1-10 mgA.Jwas 
treatedSLthiolane (Pierce Chemical Co.. 16.5 mM in 0.5 M sodium borate, pH 8.5) so that the final .mnojolane 
co^m«1.5 mM. The reaction was allowed to proceed at 4- C for 90 min. and the protem was punf,ed as 

atX "£ie two chemically modified proteins were allowed to react in a 1 : 1 molar ratio at 23- C for 1 hr. The reactive gro^s 
were blocked by adding 2-aminoethanethiol (0.01-1 mM final concentration) followed 10 min later by N-e*ylmale,mrfe 
STZtaSSe (0 0?-1 1 mM final concentration) The conjugates were purified in a two stage procedure .nvoMng 
ZzTmSZ chromatography on an S-300 Sephacryl column (Pharmacia; PBS as eluant) and ^ ^change 
chr^Cihy on a M^noVcatbn exchange column (Pharmada; applied in PBS. e.uted with h,gh saH). The yeld of 
corrugate (1 :1 Mab/p-lactamase ratio) in this procedure ranged from 15-30%. 

20 p ? Fnrymfl t i fi hvHroivsis of cftohatosporin -TYtotowc prodrug. 

2.2.1 Hy d/ntysis a LCMJat B-l_actamase 

Several commercially available p-lactamases were screened tor activity using the cephalosporin mustard derive - 
five 2 r?L?S5 'Of these derivatives to hydrolyze CM was monitored by HPLC or by UVAris spectiophotometr,c 

Partial ^rrtied samp.es of B_. cergys lactamase (S,gma Chem. Co.) 
Mannheim Biochemicals) were able to hydrolyze CM to release the nitrogen mustard PDM. (*flure3) 

To solutions of CM (50 |iM) in PBS at 37« C was added the commercially available samples of B CfltfiUfi or E- fidl 
B .adarSsTS M9 total proEmQ. A.iquots (100 mQ were quenched by addHion to methanol (1 00 & at 4- C and pre- 
rirSd^oteTre JSe removed by cerrtrifugation. The samples (100 M l) were analyzed by HPLC us.ng an IBM reverse 
X 250 1) and me following g-adient conditions: 50-100% buffer A to butter B (buffer A « 
omi aqueous diethylamine buffered to pH 2.3 with phosphoric acid; buffer B is 90% acetonrtnle, 10% buffer A ) over 
1 5 min at 1 ml/min. Fractions were monitored at 266 nm. 

35 ~?? HrrtrlyfiK of AnR-nao h hy p-i adamase and LB-B-LBmarmsft Con j ugate 

The ability of the purified p-lactamase from B^Cfitfilfi and the lactamase-L.6 conjugate to catalyze the release of 
adriamycin from ADR-ceph was evaluated in human plasma at 37'C. 

Slock solutions of the B^actamase and lactamase- L6 conjugate were P"*^™*^*** *^C TheS 
, loK Q< 5^ solutions were added to solutions of ADR-ceph in human plasma trier most ated at 37-C. The final 
c^nS^DR-cth was 572 .g/ml in the p-lactamase experiment and 896 uOAm. in the L»Mm>>- «£- 
ana the final concentrations of p-lactamase and Lactamase conjugate were 0.45 M g/ml and 5> M g/ml, respec- 
tTvS' aJouo^ wte^drawn periodically and were added to two volumes of coW methanol (4'C). The preap.tated 
Si^^r^vJoTy centrXgation. The supernatants were analyzed by HPLC using a Waters Associates C 18 
SSTpaTcar^Sx 1 00 mm). ?he column was eluted at 2.0 mUmin with a mobile phase of 60% . «j I O05 M amrno- 
n^m photSSf 6.5) containing 5% acetoritri.e and 40% of a mixture of acetonrtnle^ater (8020)JT»e peatewem 
di^tyS Jl 254 nm. m these assays the respective retention times for adriamycin and ADR-ceph were 3.8 and 

7 5 7 6^ the HPLC peak areas of ADR-ceph and adriamycin plotted against time when ADR-ceph was 

'exposed ISSmZ and it demonstrates that ADR-ceph is efficiently hydrolyzed with B^rfiyfi PJJ^E* 
EoTtt* TraptrSease of adriamycin. Similarly. Figure 8 shows that the lactamase-^ conjugate also efloentiy 
XseTadSctTom ADR-ceph with a half life of 1 5 minutes at the concentrations of prodrug and enzymes u«.zed. 
6 T^S^^es of selSd lactamases for ADR-ceph were e^m.nedjhese enzyme, w^re B^u^ 
lactamasebctamase-Le conjugate. Sigma penicillin.se from (S*ma Criemcal) and P99 «P h «^ n ^ 

SnTSSfi All enzymes were diluted to give protein concentrations of 0.20 ± 0.01 mgA* (wrth 
m^^were^med spectrophotometricaJ.y to 0.05 M phosphate buffer. pH 7.0. at 25«C. Cephalondine was 

r^e^oTt^Cim^: a^ed in TaHe 1 . P99 cephabsporinase had the highest spec** ac*nty for 
/both^Sne^AD^ceph. The Lactamase conjugate was slight* more active than the B^OflliS P^cta- 
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mase alone, pertiaps because the latter enzyme had to be diluted for assay purposes, thereby entertaining t k c 
bility for loss of activity in dilute solution. The Sigma "penicillinase" had the lowest activity of all the preparations. This 
enzyme had the same isoelectric point as the P99 enzyme, suggesting that the two enzymes are the same. The differ- 

5 Kinetic parameters were determined for the L6-lactamase conjugate and the P99 cephalosporinase, and are given 

in Table II. Vmax was 3.5 times higher for the P99 enzyme. However, because the P99 enzyme had a higher Km value, 
the hydrolysis efficiency (Vmas/Km) of the two enzymes differed only two-fold. The two enzymes, therefore, are very 
sirnHar in their hydrolytic properties. 

10 

TABLE 1 



Hydrolysis of cephalosporin substrates by p-lactamases. 


Enzyme 


Substrate (100 fig /ml) 


umoles/min/^ig protein 


B. cereus D-lactamase 


Cephaloridine 


0.038 




ADR-ceph 


0.016 


L6-lactamase (B. cereus) conjugate 


Cephaloridine 


0.045 




ADR-ceph 


0.021 ~ 


Sigma penicillinase from E. cloacae 


Cephaloridine 


0.026 




ADR-ceph 


0.0030 


P99 cephalosporinase from E. cloacae 


Cephaloridine 


0.30 




ADR-ceph 


0.060 



TABLE 2 



Hydrolysis parameters for ADR-ceph 


Enzyme 


Km (pM) 


Vmax 
junoles/min/ug 
protein 


Vmax/ Km 
jjjnoles/mirVug 
pro/mM S 


L6-lactamase (B. cereus) conjugate 


120 


0.047 


0.40 


P99 


200 


0.164 


0.82 
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P 3 Additional Biological Evaluations 

45 2 a 1 in vitro cytotoxicity of CM with B-lactamase 

The cytotoxic effects of CM and PDM were monitored using a human lung adenocarcinoma cell line, H2981. The 
cells were plated (in Iscoves modified Dulbecco's medium with 15% fetal calf serum [IMDM]) into 96 well microliter 
plates at 8000 ceils/well in 100 \i\ IMDM and allowed to adhere overnight at 37° C. The enzymes in 50 ul IMDM followed 

so by the drugs PDM or CM in 50 \i\ IMDM were added to the wells so that the final enzyme concentration was 3 ug crude 
enzyme/ml or 1.4 ^g pure enzyme/ml. After one hr, the cells were washed 3 times with IMDM, 200 ul of IMDM was 
added to each well, and the incubation was continued 17 hr at 37° C. The medium was removed and 200 u.1 of IMDM 
containing [ 3 H] trrymidine (1 uCt/weJI) was added, and after 6 hr the cells were frozen to -70° C. thawed, and harvested 
onto glass fber discs. The cytotoxic effects were determined by measuring the amount of 3 H -thymidine incorporated 

55 into DNA versus an untreated control. 

CM (ICsq approximately 100 jiM) was much less cytotoxic than PDM (ICsq approximately 1 uM) (Figure 4). The p- 
lactamases from fi. cereus and from £. ccii enhanced the activity of CM 50-100 fold. This is most likely due to the 
hydrolysis of CM by the enzymes, and the subsequent release of PDM. 
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2.3.2 m vi tro cytotoxicity of CM with L6-6-lac tamase conjugate 

The cytotoxic effects of CM administered with the anttxxdy-B-lactamase coniuoste were monitored as described 

s B-*actamase conjugate for 1 hr at 37° C in IMDM containing 15% tetai bovine serum, washed twice, and then treated 
with CM as descrtoed in Example 2.3.1 above. Cells treated wrth CM or PDM as described in Example 2.3.1 were used 
as controls. The data, shown in Figure 6, demonstrate the enhanced cytotoxic effect of administering the CM witi the 
antibcxjy-p-lactamase conjugate. 

,o 2.3.3 in vKao stability and toxicity of CM 

The stability of CM and PDM in mouse plasma at 37° C was determined by HPLC quantification of their consump- 
tion PDM or CM (0 5 mM) in mouse plasma or IMDM cell growth medium was incubated at 3T> C. quenched, and ana- 
lyzed by HPLC as described above PDM (t 1/2 = 20 min) was significantly more reactive in mouse plasma than CM(12% 
,5 reaction after 150 min). A 10-fold difference in stability was observed in the media used for tissue culture (t 1/2 for PDM 
and CM, 3 and 30 minutes respectively). . , ^ 

The toxic effects of PDM and CM were determined in Balb C nu/nu mice. The drugs were administered i.v. in doses 
spaced 24 hr apart and the treatment was repeated after 1 week. Under these conditions, PDM was toxic at 50 
^injection and the maximum tolerated was approximately 38 M Q/>njection. No toxicity was observed for CM for doses 
20 as high as 900 ugrfnjection. On a molar basis this represented greater than an 1 1 -fold difference in toxicity. 

2.3.4 Stability Pi ADR-ceoh 

Using the same HPLC assay described in Exanple 2.2.2 the respective half lives at 37°C of ADR-ceph in rat 
25 olasma buffer at pH 7.4, and human plasma are 8, 20 and * 12 hours (Figure 9). 

Thus novel cephalosporin prodrugs and methods for their use have been disclosed. Although the preferred 
embodiments of the subject invention have been described in some detail, it is understood that obvious variations can 
be made without departing from the spirit and the scope of the invention as defined by the appended daims. 

30 Claims 

1. A cephalosporin-cytotoxic prodrug having the formula 



ONH 



50 




C0 2 H 



wherein 

Q is hydrogen, an amine protecting group conventionally used in cephalosporin synthesis, or the acyi gr<x* 
of a known 7-acylamirxwephalosporin antibiotic; 
Lis-S-{CH 2 ) n -; 
n - 2,3 or 4; 

R fe NFT or OR b . wherein NR« is a nitrogen containing cytotoxic drug or a pharmaceutical ly acceptable salt 
thereof and wherein OR b is a hydroxy containing cytotoxic drug or a pharmaceutical acceptable salt thereof. 

2. The cec^lc«porin<^totoxic prodrug of ciaim 1 wherein NR* is a nitrogen mustard, an anthracydine or a mitomy- 
cin. 

3. The c^phalc>spc<in<7tc4oxic prodrug of claim 2 wherein NR a is melphalan or N,N-b^2-cnloroethyf)-1 ,4-benrene- 
diamine. 

4. The cepr^losporinK^CDoc prodrug of ciaim 2 wherein NR* is adriamycin. daurK^rnycin or ca/mirK>mycin, prefer- 
ably aoViamycri. ^ 
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5. The cephalosporin-cytotoxic prodrug of claim 2 w.v,... s mitomycin C. 

6. The cepha^porin^ytotoxic prodrug as chimed in any one rf the preceding Cairns, wherein Q is phenyiacetyt or 
7 a cephatosporin^ytotoxic prodrug as Calmed in any one of the preceding Cairns lor use as an anti-cancer agent. 

of diluents theretor. 

9. A process lor preparing a cephalosporin-cylotoxic prodrug as Calmed in any one of claims 1 to 6 which comprises 
a) protecting, if necessary, any nonvoting reactive groups on the cephalosporin, or the cytotoxic drug or a 
STs^rataving group on the cephalosporin, or the cytotoxic drug o, a precursor thereof w«h a nuCe- 
ophilic group on the cytotoxic drug or the cephalosporin, 
c) removing any protecting groups. 

20 10. A method for the delivery of a cytotoxic agentto tumor cells in vitro comprising: 

administering a pharmaceutical effective amount of at least one amibody^-.actamase conjugate wherein 

whereby said cytotoxic agent is delivered to said tumor cell. 
11. The method of claim 10. wherein said antibody is selected from the group consisting of polyclonal, monoclonal, or 
chimeric antibodies. 
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